• Youth born above the 95th percentile for GA may be at an increased risk for developing externalizing symptoms.
N early 1 in 5 children suffer from an emotional or behavioural problem 1 and almost 50% of adults with psychiatric illness met diagnostic criteria for mental disorders in childhood. 2 The experience of mental illness can result in great suffering for a person and their families, as well as enormous costs for health care systems and society as a whole. Given these costs, an important goal of research should be the identifi cation of preventable risk factors that are causally related to mental disorders.
Most of the neuroanatomical and neurochemical mediators of cognition and emotion develop in utero, suggesting that the intrauterine environment can affect brain development in ways that increase one's risk for psychopathology later in life. 3 Indeed, the presence of suboptimal or stressful intrauterine environments, as are coarsely represented by being born at a low birth weight (<2500 g), are associated with an increased risk of chronic disease across the lifespan. 4 The identifi cation of intrauterine exposures or perinatal markers of risk for mental disorders can aid in our understanding of the causes and pathophysiology of these conditions. However, this is predicated on intrauterine factors that are causally linked to later psychopathology, an assertion that is complicated by the presence of factors that could confound their associations with later psychiatric problems, including familial or genetic risk for psychopathology and suboptimal psychosocial environments present pre-and postnatally.
Research to date generally supports the existence of an association between being born SGA and later psychopathology. [4] [5] [6] However, being born SGA is not the only anthropometric abnormality at birth that may be associated with later pathology. The reverse J-shaped relation reported between birth weight and disorders such as DM, 7 suggests that infants born LGA may also be at risk.
Why might people who are born macrosomic (LGA or >4500 g) be more likely to develop psychopathology? It can be argued that numerous maternal conditions leading to high birth weight are themselves stressful. Certain risk factors for macrosomia (for example, prepregnancy obesity and DM) are associated with increased levels of proinfl ammatory cytokines 8 and oxidative stress, 9 which themselves may be involved in the pathogenesis of certain forms of psychopathology. 10 Second, complications of pregnancy and delivery are more common in infants born LGA 11 and may play a role in the development of certain psychiatric disorders. 6 Third, macrosomia is linked to numerous postnatal conditions that may increase the risk of psychological problems later in life, including obesity. 12 Finally, macrosomia might also increase this risk via its putative effects on cognition. 13 Despite increasing rates of macrosomia, 14 only 6 reports have considered the putative link between macrosomia and psychopathology in youth. [15] [16] [17] [18] [19] [20] Two studies examined associations between high birth weight or LGA and autism, 18, 19 while another focused on hyperkinetic disorder. 17 The remaining studies assessed associations between macrosomia and various emotional and behavioural problems. The 2 studies that did demonstrate a link used general population samples and assessed disorder using problem checklists. One reported a link between being born in the top 20% of birth weights for GA and selfreported social problems in youth aged 14 years, 15 and the other between being born over 4500 g and externalizing symptoms in a group of Dutch youth aged 10 to 12 years. 16 Between-study variability in measurement and control of error limits the usefulness of these reports. Moreover, all 6 studies used different defi nitions of macrosomia. Some used thresholds based on birth weight alone while others took sex and GA into account. Neglecting GA when defi ning macrosomia can lead to an underrepresentation of females and infants born at term or preterm but large. In addition, only one of these studies adjusted for important confounders, including familial risk of psychopathology and stressful psychosocial environments. 15 Few of these studies have contained data from more than one informant, let alone from children, parents, and teachers.
Given the limited information on the relation between macrosomia and psychopathology and our interest in the effects of perinatal factors on youth mental health, the objectives of this study are to: examine the link between being born LGA or SGA and internalizing and externalizing symptoms in a sample of youth aged 4 to 16 years born between 1967 and 1979 and living in the province of Ontario; determine if these associations are due to LGA or SGA or putative confounders of these associations; and determine if these links persist despite adjustment for possible mediators of the association including school performance and physical health problems.
Methods

Sample and Study Design
Data came from the OCHS, 21 
Variables
Predictor Variables (LGA and SGA). In 1983, caregivers (95% mothers) retrospectively reported birth weights and GA. To estimate GA, caregivers were asked if the child was born more than 1 week before or after the estimated date of delivery. A negative response led youth to be considered born at term and assigned a GA of 40 weeks (the modal GA of Canadian infants 22 ). With a positive response, caregivers were asked to estimate the number of weeks before or after the due date the youth was born. Mothers can retrospectively provide relatively accurate reports on birth weight 23 and GA, 24 compared with medical records.
Using Canadian references, 22 a z score for each youth's birth weight for GA was calculated based on their sex. Youth born at a birth weight AGA (between the 10th and 90th percentile) comprised the reference group to which the others were compared. In our study, we examined 2 defi nitions of LGA (between the 90th and 95th percentile and >95th percentile), as research has suggested that some infants born LGA may be at a decreased risk for psychopathology, while larger infants (for example, >93rd percentile of birth weight for GA 25 or >4500 g 26 ) may be at an increased risk. Canadian norms place the 95th percentile of birth weight for GA at term at 4212 g for females and 4382 g for males and the 90th percentile at 4034 g for females and 4200 g for males. Two defi nitions of SGA were also used (fi fth to 10th percentile and less than the fi fth percentile). The fi fth percentile corresponds with 2814 g for term females and 2927 g for males and the 10th percentile was 2955 g for term females and 3029 g for males.
Outcome Variables (Internalizing and Externalizing Problems). The CBCL was used to assess psychopathology in children and adolescents and internalizing and externalizing scales were created from this instrument using the items demonstrated by Achenbach et al 27 to map well onto the criteria used to defi ne Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, diagnoses. This resulted in the creation of affective, anxiety, ADHD, oppositional defi ant disorder, and conduct disorder problem scales. Our internalizing scale summed the scores of the affective and anxiety scales for each respondent separately (youth, parent, and teacher) and our externalizing scale was made up of the sum of the scores for each respondent on the ADHD, oppositional defi ant disorder, and conduct disorder scales. The internal reliability of the youth-, parent-, and teacher-reported internalizing scales were 0.88, 0.88, and 0.88, respectively; and 0.85, 0.88, and 0.94 for corresponding externalizing scales.
Covariates. The putative confounder familial psychiatric history was defi ned by a self-reported lifetime history of treated psychiatric problems in either parent. To supplement this defi nition of familial risk, we also included maternal self-ratings on the negative dimension of the Bradburn Affect Balance Scale, 28 and whether or not either parent had a history of arrest. The other confounder was a measure of socioeconomic disadvantage that was comprised of 5 indicators: single parent status, one or both parents supported fi nancially by social assistance, youth's family lives below the poverty line, youth lives with family in a rental dwelling, and youth's family resides in subsidized housing. Each item was scored 0 (absent) or 1 (present), summed together, and treated as a continuous variable. We also adjusted for maternal age, child sex, child age, and birth order (with the last child born to that mother serving as the reference) reported by the caregiver.
Although measured concurrently to childhood internalizing and externalizing scales, we examined childhood health problems and school performance as potential mediators. The presence of childhood health problems was coded 0 (none) or 1 (one or more), according to the number of these problems reported by their caregiver. As there were no formal assessments of cognitive ability available in the OCHS, we used teacher assessments of school performance to represent this construct. We used parent reports of school performance when teacher ratings were not available. These were labelled: 1 (far below grade), 2 (below grade), 3 (average school performance), 4 (above grade), and 5 (far above grade). This variable was also treated as continuous. Missing values for the above covariates were assumed to be missing at random and imputed using the expectation-maximization algorithm. All covariates were used to estimate the others' missing values. Given the low prevalence of missing data in the predictors and outcomes, multiple imputation was not conducted.
Data Analysis
The goal of our analysis was to determine if being born LGA or SGA predicted levels of internalizing and externalizing symptoms in youth. The use of CBCL assessments completed in both 1983 and 1987 (youth aged 4 to 12 years in 1983) led to a 3-level data hierarchy of repeated assessments (Level 1), nested within people (Level 2), nested within households, and required the use of multilevel linear regression to adjust for the nonindependence of responses. The statistical software MLwiN 29 was used to conduct analyses. Fixed effects regression parameters derived using this method are the major focus of our work and are interpreted in the same way beta coeffi cients are in ordinary least squares regression analyses.
The objective of our analysis was to model psychopathology as a function of birth weight for GA and selected covariates. Model 1 disaggregates response variability within respondents (repeated measures), between respondents (with families), and between families (and is the null model). Model 2 includes 4 dummy codes indicating LGA (90th to 95th percentile and >95th percentile) and SGA (fi fth to 10th percentile and <fi fth percentile). Model 3 adjusted for our confounders and other covariates (parental psychiatric illness requiring treatment, maternal score on the negative subscale of the Bradburn Affect Balance Scale, past parental arrest, socioeconomic disadvantage, maternal age, and child sex, child age, and birth order) and Model 4 adjusted for putative mediators (youth health problems and poor school performance) in addition to the variables included in Model 3. As health problems and school performance were assessed at the same time as our outcomes of interest, we adjusted for them rather than conducting formal mediational analyses. All statistical tests were 2-tailed.
Given the dearth of studies reporting on associations between macrosomia and later psychopathology, its increasing prevalence, and its potential importance on a population scale, we report results without correction for multiple comparisons to avoid missing potentially meaningful links (that is, to avoid false negatives or type II errors). 30 The existence of measurement error both in the classifi cation of macrosomia and in the informant ratings, and the threat of lack of agreement among different informants, 31 increased our concern that these factors could create a bias toward the null hypothesis and further contributed to our decision to forego adjusting type I error for multiple comparisons.
We also calculated and reported standardized ESs; (produced by dividing the value of the fi xed effect regression parameter by its standard deviation) to allow readers to assess the relevance of any weak but potentially important effects. 32 Table 1 contains the characteristics of the sample. It consisted of 2923 youth living in 1869 households and whose parents provided birth weight, GA, and outcome data. Self-ratings were only requested of youth aged 12 to 16 years (n = 1118), while parents and teachers reported on youth of all ages (complete data were available for 2923 and 2154 participants, respectively). Given that 1983 and 1987 ratings were included, there were 2012, 4500, and 3589 discrete ratings by youth, parents, and teachers, respectively. One hundred forty-seven youth were born over the 95th percentile and 145 were born under the fi fth percentile of birth weight for GA.
Results
In our unadjusted model, signifi cant associations were noted between being born over the 95th percentile and externalizing symptoms for both youth and parent report but not for teacher report. Among youth born under the fi fth percentile, only parent-reported externalizing symptoms were increased. After adjustment for confounders, youth and parent-reported externalizing symptoms demonstrated a signifi cant association with being born over the 95th percentile for GA. Being born over the 95th percentile was also a signifi cant predictor of only youth-reported externalizing symptoms after adjustment for all confounders and mediators (ES = 0.20; Table 2 ). Parent (ES = 0.11) and teacher (ES = 0.01) ratings supported this fi nding in direction but did not reach statistical signifi cance. Youth born in the 90th to 95th percentile manifested signifi cantly lower levels of parent-reported externalizing (ES = -0.15) and internalizing (ES = -0.12) pathology than youth born AGA in the fully adjusted model. Teacher and youth reports supported these fi ndings in direction but did not reach statistical signifi cance.
Youth born under the fi fth percentile for GA manifested signifi cantly higher levels of parent-reported externalizing symptoms, even after adjustment for confounders (ES = 0.13), but not after the putative mediators of the LGA, >95th percentile 147
LGA association were taken into account. Increased levels of youth-and parent-reported externalizing and internalizing symptoms were seen in youth born under the fi fth percentile but these were not statistically signifi cant. No elevation was noted in youth born between the fi fth and 10th percentile ( Table 3 ).
Discussion
In this provincially representative cohort of youth aged 4 to 16 years, we found that children and adolescents with birth weights above the 95th percentile for GA manifested higher self-reported levels of externalizing symptoms relative to youth born AGA, even after adjustment for confounders and potential mediators of the association. While we did not fi nd statistically signifi cant increases in levels of externalizing symptoms in the fully adjusted models among parent and teacher ratings for youth born LGA, they were in the same direction as youth reports. According to their parents, youth born between the 90th and 95th percentiles of birth weight for GA may actually manifest signifi cantly lower levels of externalizing symptoms than youth born AGA, a fi nding that was supported by youth and teacher reports but that did not reach statistical signifi cance. This is in keeping with some literature that suggests that there may be a small protective effect in infants born large, but not too large. 25, 26 Finally, after adjustment for confounders and mediators in this cohort, youth born in the lowest 5% of birth weight for GA manifested increased levels of self-and parent-reported internalizing and externalizing pathology but these were not statistically signifi cant.
To date, little has been published on the mental health of youth born macrosomic and only 2 studies have reported signifi cant associations with problems in youth. 15, 16 In a study of 4971 Australians aged 14 years, Alati et al 15 found that children born in the highest quintile of birth weight for GA and assessed with the CBCL were at an increased risk for social problems, and, while not statistically signifi cant, there was some suggestion that they also had higher levels of externalizing and internalizing problems than youth born in the middle quintile. Buschgens et al 16 recently reported the presence of associations between being born greater than 4500 g and externalizing symptoms in 2230 youth aged 10 to 12 years using parent and teacher reports also based on the CBCL. Compared with youth born between 2500 g and 4500 g, youth born macrosomic had higher levels of teacher-rated delinquent, aggressive, and ADHD symptoms, and parent-rated symptoms of aggression. Despite adjustment for putative confounders, our results are relatively consistent in both children and adolescents across multiple informants. This suggests that youth born macrosomic may be at an increased risk of developing externalizing problems and that this may be related to intrauterine or early postnatal factors associated with macrosomia. In our adjusted models, the observed associations between externalizing problems and macrosomia were consistent in direction for all informants but statistically signifi cant only for youth and parent ratings. Three factors likely contribute to this: the relatively small ESs, the presence of measurement error both in the classifi cation of macrosomia and in the informant ratings, and the inherent differences (lack of agreement) in the perspectives of these informants. 32 Despite the statistical trends suggestive of associations between SGA and emotional and behavioural problems in this cohort, none were statistically signifi cant after adjusting for all covariates. These results are at odds with some, but not all, studies of the association between being born SGA and later mental health problems. In addition to the potential contribution of measurement error, because birth weights corresponding to the fi fth percentile in term infants in Canada are 2927 g for males and 2814 g for females, it is possible that this birth weight threshold is too high and that to predict psychopathology, one must examine infants born SGA and less than 2500 g. It is also possible that sampling in youth aged 4 to 16 years led to an underrepresentation of youth born at very or extremely low birth weights, biasing our results toward the null hypothesis. As more pathology is sometimes seen in SGA infants who develop in less enriched environments, 33, 34 it is possible that the presence of universal health care in Canada serves to buffer these vulnerable youth from this risk. This is a fi nding that warrants future study.
The OCHS was not specifi cally designed to examine associations between prenatal exposures and later psychopathology. Birth weight and GA had to be assessed retrospectively and, despite the clinical relevance of the scales used in our study, we are not able to tell if children born macrosomic are at an increased risk for any specifi c disorder in childhood or adolescence. Our measures of child health do not include information on severity and persistence, limiting our ability to investigate the role that these conditions might have in linking macrosomia to psychopathology. Further, there are constraints in our ability to control for familial risk, as we relied mainly on parent-reported treatment to assess parental psychiatric problems. As a result, the pattern of effects observed in our study are suggestive of an association between macrosomia and psychopathology. However, currently we are unable to defi nitively conclude that this association is causal and it is clear that our fi ndings require replication.
Despite its limitations, our study has numerous strengths including its use of a representative general population sample and the use of well-established and standardized measures of psychopathology completed by multiple informants. Moreover, the use of accepted birth weight cutoffs that are gender-specifi c and capture large and small infants across the GA range reduces the likelihood that certain groups are underrepresented. We also attempted to control for the familial or genetic risk of psychopathology and persisting postnatal psychosocial disadvantage in an attempt to isolate intrauterine effects. This cohort's relative lack of detailed obstetric data leads to additional uncertainty as to whether the observed link between being born over the 95th percentile for GA and externalizing symptoms is due to LGA and its accompanying intrauterine, delivery and postnatal biochemical complications, or if LGA (over the 95th percentile) is merely a marker of putative upstream causal factors such as maternal obesity and (or) DM. Obesity and DM in pregnancy are themselves associated with increased levels of emotional and behavioural problems in offspring 35, 36 and these women are also at a higher risk of manifesting maladaptive personality traits 37 and developing postpartum depression. 38 Indeed, further study is required to determine if it is these antecedents of macrosomia that are actually responsible for links to externalizing problems in youth.
Conclusions
Our work suggests that infants born over the 95th percentile for GA may be at an increased risk for developing externalizing symptoms in childhood and adolescence and that this may be due to intrauterine factors. While the ES of this fi nding is small (0.20), given that rates of macrosomic births appear to be on the rise, reducing the number of infants born LGA via the provision of treatments for pregnant women who are obese and women with DM at a population level may provide meaningful benefi ts to their offspring. In view of the methodological limitations of our study, the suggestive fi ndings bear replication in future work. These studies should be prospective in nature, attempt to use genetically sensitive designs, and assess outcomes using multiple informants and optimal measures of psychopathology across the lifespan to determine if the reported associations are robust, causal, and have the potential for prevention.
Resume : Naître gros ou petit pour l'âge gestationnel et les problèmes d'externalisation et d'internalisation dans une cohorte de jeunes canadiens
Objectif : Déterminer si les jeunes qui sont nés gros pour l'âge gestationnel ([GAG]; poids de naissance au-dessus du 95e percentile) ou petits pour l'âge gestationnel ([PAG]; moins que le 5e percentile) sont à risque accru de développer des problèmes d'externalisation et d'internalisation.
Méthode : Les données sur les membres de l'Étude sur la santé des jeunes ontariens, âgés de 4 à 16 ans, ont servi à examiner les associations entre GAG, PAG, et la psychopathologie. Cet échantillon consistait en 2923 jeunes, pour qui les niveaux de symptômes d'externalisation et d'internalisation déclarés par les parents, les enseignants, et les jeunes eux-mêmes étaient disponibles, et dont les soignants ont rapporté rétrospectivement le poids de naissance et l'âge gestationnel (AG). La psychopathologie a été évaluée à l'aide des échelles orientées vers le Manuel diagnostique et statistique des troubles mentaux, tirées du Child Behaviour Checklist.
Résultats : Les analyses de régression linéaire multi-niveau ont révélé qu'après ajustement pour la psychopathologie parentale, la défavorisation socioéconomique, le sexe, l'âge, l'âge maternel, le rang de naissance, et la santé de l'enfant et le rendement scolaire, les jeunes nés GAG avaient des scores plus élevés à l'échelle d'externalisation autodéclarée (1,39, IC à 95 % 0,01 à 2,78), mais pas à l'échelle d'internalisation, comparativement aux jeunes nés à un poids approprié pour l'AG (10e au 90e percentile). Les cotes des parents et des enseignants appuyaient généralement la direction de ces résultats mais n'atteignaient pas la signifi cation statistique. Les jeunes et les parents déclaraient des niveaux accrus de symptômes d'externalisation et d'internalisation chez les jeunes nés PAG, mais ils n'étaient pas statistiquement signifi catifs.
Conclusions :
Les jeunes nés au-dessus du 95e percentile pour l'AG manifestent des niveaux accrus de symptômes d'externalisation. Étant donné les taux croissants de naissances macrosomiques, d'autres études sont nécessaires pour reproduire et déterminer la signifi cation clinique de ces résultats, la contribution des antécédents de GAG à ce risque, et la mesure dans laquelle cette association peut être causale.
